ABSTRACT Responses of the opiine larval parasitoid Diachasmimorpha tryoni (Cameron) to the fruit-feeding Mediterranean fruit ßy, Ceratitis capitata (Wiedemann), and the gall-forming lantana gall ßy, Eutreta xanthochaeta Aldrich, were evaluated in greenhouse and open-door laboratory cages. In greenhouse cages, coffee plants containing C. capitata-infested fruit and lantana twigs containing E. xanthochaeta galls were presented to gravid D. tryoni under both choice and no-choice conditions. Regardless of the type of assay, D. tryoni strongly preferred landing on infested coffee plants to landing on galled lantana twigs. The wasp also strongly preferred landing on C. capitata-infested coffee fruits to E. xanthochaeta galls. In addition, when released directly onto a host-habitat complex, parasitoids had signiÞcantly stronger probing responses to C. capitata-infested coffee fruit than to E. xanthochaeta galls. However, the stronger probing response to coffee (shorter latency and longer duration) by D. tryoni did not result in higher rates of attack on C. capitata larvae than on gall ßy larvae. When measured by the number of host larvae attacked per unit time spent probing, D. tryoni was signiÞcantly more efÞcient in attacking lantana gall ßy larvae in stem galls than C. capitata larvae in coffee berries. When lantana patches containing galls were presented to D. tryoni in open-door laboratory cages under different regimes of availability of C. capitata or its fruit hosts, rates of attack on lantana gall ßies by D. tryoni were signiÞcantly reduced by the presence of coffee plants containing C. capitata-infested berries. This result suggests that host switching of D. tryoni from C. capitata to lantana gall ßy in the Þeld is likely to be affected by the spatial and temporal distributions of the two hosts and their plant habitats. Relevance of our Þndings to host-switching of D. tryoni and the risk of signiÞcantly impacting populations of nontarget lantana gall ßies are discussed.
UNDERSTANDING THE BEHAVIORAL and ecological mechanisms of host selection by insect parasitoids used for biological control is of critical importance in determining their host speciÞcity and potential impacts on both target and nontarget host populations. Host selection in many parasitoids is determined by habitat preference, and is subject to the inßuence of ecological factors such as characteristics of the hostÕs habitat, climatic conditions, and physiological and experiential states of the parasitoids (see reviews in Vinson 1976, van Alphen and Vet 1986) . In some cases, hosts are attacked not because they are preferred but because they are accessible in a particular habitat, and are suitable for parasitoid development (van Alphen and Vet 1986) . Thus, habitat preferences of parasitoids play a critical role in determining their ecological host range, which helps deÞne the degree of nontarget risk in parasitoid introductions or augmentative biological control programs.
The parasitoid Diachasmimorpha tryoni (Cameron) (Hymenoptera: Braconidae, subfamily Opiinae) attacks late instar larvae of several species of tephritid ßies (Wharton and Gilstrap 1983) . It has been used in several classical and augmentative biological control programs against the Mediterranean fruit ßy, Ceratitis capitata (Wiedemann), in Hawaii, Australia, Fiji, Costa Rica, and Mexico (see reviews in Wharton 1989 , Purcell 1998 . Although this parasitoid is thought to have co-evolved with frugivorous tephritids and thus is specialized in exploiting various types of fruit hosthabitat, in Hawaii it also attacks two nonfrugivorous tephritid ßies: the lantana gall ßy, Eutreta xanthochaeta Aldrich (Clancy 1950) , and the eupatorium gall ßy, Procecidochares utilis Stone Haramoto 1959, 1972) .
Diachasmimorpha tryoni was Þst introduced to Hawaii in 1913 from Australia for control of C. capitata, which invaded Hawaii in 1910 (Silvestri 1914) . Both E. xanthochaeta and P. utilis were introduced to Hawaii from Mexico (Funasaki et al. 1988) , the former in 1902 for control of lantana, Lantana camara L., and the latter in 1944 for control of the weed pamakani, Ag-eratina adenophorum (Spreng) . The acquisition of the gall-forming tephritids as hosts by D. tryoni raises concerns about potential nontarget impacts of biological control programs against fruit ßy pests. There are 33 species of nonfruit feeding tephritids in Hawaii, which are deliberately introduced weed control agents or are benign species endemic to the Hawaiian islands (Hardy and DelÞnado 1980) . Although C. capitata and lantana gall ßies belong to the same family (Tephritidae), their ecological habitats differ greatly. For example, C. capitata infest as many as 250 species of host fruits of varying sizes and colors (Liquido et al. 1991) , whereas both E. xanthochaeta and P. utilis are host speciÞc, forming green spheroid galls (7Ð15 mm diameter) on stems of lantana and pamakani, respectively. Also, infestatation by C. capitata larvae causes bacteria-related decay of the host fruit, which releases chemical stimuli known to be important for opiine parasitoids to locate and recognize their host larvae (Nishida 1956 , Greany et al. 1977 . In contrast, feeding by gall ßy larvae does not cause host plant tissue decay, but rather stimulates growth of gall tissues (Hapai and Chang 1986) . To date, little information exists on how D. tryoni selects these two different types of host species in their respective host habitats.
In the current study, we Þrst examined the selection of C. capitata-infested coffee versus E. xanthochaetagalled lantana plants by gravid naṏve D. tryoni under both choice and no-choice conditions. We then compared host-searching behavior of D. tryoni on an infested coffee berry and a lantana stem gall. Finally, we determined the effect of the availability of C. capitata larvae and infested fruit on the rate of parasitoid attack against E. xanthochaeta.
Materials and Methods
Parasitoids. All parasitoids (D. tryoni) used in this study were provided by the USDA-ARS Tropical Fruit, Vegetable, and ornamental Research Laboratory, Honolulu, HI, where they were reared on C. capitata according to the methods described by Wong and Ramadan (1992) . C. capitata larvae used for rearing D. tryoni in this study were mass-produced on wheat germ diet according to the methods of Vargas (1989) . Parasitized C. capitata puparia were shipped to Kauai by air freight on a weekly basis, where parasitoid colonies were maintained in wood and screen cages according to procedures described in Duan et al. (1997) . All parasitoids used in the experiments were 7Ð12 d old (sexually mature) and deprived of any hosts before testing.
Experiment 1: Response of D. tryoni to Patches of Coffee and Lantana Plants Containing C. capitataInfested Coffee Fruit and E. xanthochaeta Galls. Experiment 1 was conducted in a nylon-screen cage (1.5 by 1.5 by 1.5 m) placed in a screened greenhouse at 22Ð28ЊC, 55Ð95% RH, and ambient light (Ͼ5,000 lux). Responses of D. tryoni to coffee plants harboring C. capitata-infested coffee fruit and lantana twigs containing E. xanthochaeta galls were examined in both choice and no-choice assays. In the choice assay, two patches of C. capitata-infested coffee plants and two patches of galled lantana twigs were placed in the four corners of the test cage with the same type of plants facing each other diagonally. In the no-choice assay, only two patches of the same type (C. capitata-infested coffee or galled lantana plants) were placed diagonally in the cage.
Each coffee patch consisted of 10 C. capitata-infested (rotten) coffee berries hung randomly in the canopy of a small potted coffee plant (Ϸ20 cm in diameter, with 45Ð50 leaves). The coffee berries were collected from a commercial coffee Þeld (McBryde Sugar Company, Kalaheo, Kauai, HI) , where the fruit harbored a high C. capitata population (Vargas et al. 1995) . Pretest dissections of a subsample (n ϭ 50) of the collected fruit showed a mean of 2.95 Ϯ 0.35 second and/or third instar C. capitata larvae per berry.
Each lantana patch consisted of 10 immature E. xanthochaeta galls (7Ð10 cm with no exit windows) on different branches of 8 Ð10 twigs. The immature E. xanthochaeta galls (with a size of 7Ð10 cm) contain late instars of E. xanthochaeta at a suitable stage for attack by D. tryoni (Duan et al. 1997) . All galled lantana twigs used in experiment 1 were collected from patches of wild L. camara in the Kokee area of Kauai. The lantana twigs, each Ϸ45 cm long and with one or two E. xanthochaeta galls at the apical region of different branchlets, were cut in the Þeld and immediately placed upright in plastic buckets containing water to immerse the cut and keep the twigs fresh and green during the test. All galled twigs were used for tests within 24-h after being cut in the Þeld. Each lantana patch was created by plugging the galled stems in a 200-ml ßask (10 cm high) Þlled with water and placing the ßask 10 cm deep inside a nursery pot (which had the same size and color as the pot used for the coffee plant). The size of the canopy and number of the leaves in lantana patches were about the same as in the coffee patches.
For each trial, a single wasp was transferred into the test cage using a small plastic cup (35 ml), which was placed upright in the center of the cage ßoor. After wasp take-off, landing responses of the wasp on different types of host habitats were recorded. A trial ended when a wasp landed on a coffee berry or a lantana gall, or 30 min elapsed after the wasp took off from the release cup. Wasps that did not take off from the release cup within a 10-min period were discarded from data analysis (because those wasps did not engage in host or host-habitat foraging behavior). Landing response of test wasps to different types of hosthabitats were analyzed with chi-square tests (Analytical Software 1994 ceptance) and the actual insertion of eggs in the host larvae (host acceptance). Experiment 2 was conducted to compare habitat and host acceptance (or preference) of D. tryoni upon landing on coffee fruits infested with late instar C. capitata and lantana stem galls containing late instar E. xanthochaeta. All tests in experiment 2 were conducted in the same greenhouse and cages as described previously (in experiment 1). For testing C. capitata-infested coffee, ripe fruit was collected from the same commercial coffee plantation described previously. All collected coffee berries were examined under a stereo microscope for C. capitataovipositions scars. Individual fruits with 3Ð5 oviposition scars were selected and placed in screened plastic cups (500 ml) and incubated for 7Ð 8 d at 23 Ϯ 3ЊC and 65 Ϯ 10% RH. After the incubation period, all fruit became brown and watery (rotting from bacteriarelated decay caused by feeding C. capitata larvae). By this time, a majority of the ßy larvae inside the fruit had developed to second or third instar, which is a suitable host stage for oviposition by D. tryoni.
All E. xanthochaeta galls used in experiment 2 were produced on potted L. camara plants exposed to gravid E. xanthochaeta ßies (10 Ð15 d old) in screen cages (1 by 1 by 1 m) at the Kauai Agricultural Research Center, University of Hawaii. All test galls were about the same size as described previously (in experiment 1) and contained late instar E. xanthochaeta (i.e., with no membranous exit windows).
For each test, a freshly cut coffee twig with a single C. capitata-infested coffee fruit, or a freshly cut lantana twig with a single E. xanthochaeta gall was placed upright in a 100-ml ßask containing water. Both the coffee and lantana twigs had 3Ð5 leaves and a stem Ϸ25 cm long with 5Ð7 cm submerged in water. The coffee fruit was hung using a rubber band on a leafed stem Ϸ5 cm from the top of the twig, and the E. xanthochaeta gall was usually grown at the apical region (3Ð5 cm from the top of the twig).
For each trial, a single female wasp was released directly onto the lower half of a test fruit or gall using the same methods described in Duan and Messing (1999) . Brießy, the method involved using a 35-ml plastic cup lined with a piece of wet paper towel, and gently coaxing the wasp to walk onto the fruit or gall along a triangle projection of the paper towel. Upon contacting the fruit or gall, the waspsÕ ovipositor-probing behavior was recorded with a laptop computer by a focal sampling method programmed with the Observer software (Noldus Information Technology 1993). The behavioral parameters recorded during each trial included latency time until probing behavior (i.e., the time from the wasp release to the initiation of probing), frequency of probing into a fruit or a gall, and duration of each probing activity (i.e., time from insertion of the ovipositor to its subsequent withdrawal from the fruit or gall).
Each trial ended when the wasp walked or ßew away from the fruit or gall, or when 1 h elapsed. Wasps that did not initiate ovipositor-probing behavior during the trial were not included in data analysis. We repeated trials until we had data from 20 wasps probing both C. capitata-infested coffee and E. xanthochaeta galls.
At the end of each trial, test fruit and galls were dissected within 24 h. C. capitata and lantana gall ßy larvae were removed from their respective habitats, cleaned in tap water, and dissected according to methods described in Ramadan et al. (1994) to determine the number of ßy larvae attacked, and the number of eggs laid by the wasps. Host preference of D. tryoni for C. capitata versus lantana gall ßy in their respective habitats was then evaluated based on the number of host larvae attacked, and the number of eggs laid per wasp. In addition, the efÞciency of D. tryoni in attacking the two ßies in their respective habitats was also evaluated based on the number of the host larvae attacked per unit time (60 s) of probing. Two sample t-tests (Analytical Software 1994) were used to detect differences of each behavioral parameter between host-habitat types (coffee fruit versus lantana gall). . During the daytime, the laboratory was illuminated with eight white inßorescent lights as well as ambient light from the open door and windows. Throughout the experiment, the temperature and relative humidity inside the laboratory ranged from 21 to 27ЊC and 61Ð90%, respectively.
All E. xanthochaeta galls used in experiment 3 were produced in the greenhouse using the same procedures described previously (in experiment 2). For each test, galled lantana twigs were presented to gravid D. tryoni in test cages under three different regimes of availability of C. capitata and its fruit habitat. In the Þrst treatment, a potted coffee plant hung with 50 rotten coffee fruit infested with late instar C. capitata was present in the test cage. In the second treatment, a coffee plant was hung with 50 rotten coffee fruit, from which all C. capitata larvae were removed using forceps before tests. In the third treatment, a coffee plant containing no fruit (nor C. capitata larvae) was placed in the test cage. All the coffee plants were about the same size as those used in experiment 1 (each with 45Ð50 leaves). All coffee fruit used in this experiment, collected from the same Þeld described in experiment 1, were infested with a mean of 3.4 (Ϯ0.47) second or third-instar C. capitata larvae (determined by pretrial dissection of subsamples [n ϭ 50] of collected fruit). The coffee fruits were hung with rubber bands from petioles of the coffee leaves. In all treatments, the distance between coffee and lantana plant patches was Ϸ1 m.
When all test plants were ready, a group of 10 individual gravid D. tryoni (7 d old) was released into each test cage using small plastic cups (35 ml). Prior to the release into the test cage, all wasps were checked for their ßight ability by allowing them to ßy from the rearing cage (upon opening the cage door) to the wall of an empty test cage (1.5 by 1.5 by 1.5 m).
Wasps that did not take off from the rearing cage within 5 min were not selected for use in the experiment. After ßight ability tests, individual wasps that landed on the wall of the empty test cage were captured using small plastic cups; the cups were then placed upright on the center of the ßoor of the test cages. All parasitoids took off from the release cups in Ͻ10 min.
After all wasps had taken off from release cups, the number of parasitoids landing on lantana patches (including foliage, stems, and galls) and coffee patches (including foliage, stems, and fruit) as well as the number of ovipositor probes in galls and coffee berries were counted once every hour in each cage. At each census, an observer spent 3 min looking at each lantana or coffee patch from different sides of the test cage, and recorded the presence of parasitoids and the number of ovipositor probes into lantana galls or coffee fruit. All trials started at Ϸ1000 hours and lasted for 48 h. Counts for each trial were conducted only during the daytime (0700 Ð1900 hours) of the 2-d experiment period (on an hourly basis). Trials of the three treatments were conducted concurrently using three test cages and replicated Þve times between 15 June and 25 August, 1999. The position of the coffee and lantana patches in each test cage were rotated among replicates after each trial, and treatments were also rotated among test cages after each replicate.
After 48-h exposure to parasitoids, all plants were removed from the cages; lantana galls were dissected to conÞrm the presence of gall ßy larvae. Gall ßy larvae (together with their broken gall chambers) were held in screened plastic cups lined with wet paper towel and incubated for 4 wk under laboratory conditions described previously. A subsample (10) of exposed coffee fruit containing late instar C. capitata was also dissected to conÞrm the presence of ßy larvae, and then incubated using the same procedures. Emergence of ßies and parasitoids from each exposed sample was recorded. Dead ßy larvae or pupae were dissected to determine the presence or absence of recognizable parasitoid cadavers (eggs, Þrst-instar head capsules, or fully developed but uneclosed adults) according to the methods of Ramadan et al. (1994) . Percentage parasitism by D. tryoni in different treatments was calculated as 100 ϫ ([number of emerged parasitoids ϩ number of uneclosed hosts containing parasitoid cadavers/([% total number host larvae tested), and then analyzed using analysis of variance (Analytical Software 1994).
Results

Experiment 1: Response of D. tryoni to Patches of
Coffee and Lantana Plants Containing C. capitataInfested Coffee Fruit and E. xanthochaeta Galls. In both choice and no-choice assays (Table 1) , D. tryoni landed on coffee patches containing C. capitata-infested coffee fruit 2.8 Ð 4 times more frequently than on lantana patches containing E. xanthochaeta galls (for choice assay: 2 ϭ 20.52, df ϭ 1, P Ͻ 0.0001; for no-choice assay: 2 ϭ 35.47, df ϭ 1, P Ͻ 0.0001). In both assays, the proportion of D. tryoni Þnding coffee fruit (50.9 Ð52.0%) was 13Ð30 times higher than the proportion Þnding lantana galls (1.7Ð 4%) (for choice assay: 2 ϭ 19.38, df ϭ 1, P Ͻ 0.0001; for no-choice assay: 2 ϭ 28.57, df ϭ 1, P Ͻ 0.0001). Thus, regardless of assay conditions, gravid female D. tryoni strongly prefer fruit habitats containing C. capitata larvae to gall habitats containing lantana gall ßy larvae.
Experiment 2: Oviposition Response of D. tryoni to Late Instar C. capitata and E. xanthochaeta in Their Respective Habitats (Coffee Berry and Lantana Stem Gall). Data on ovipositor-probing behavior (Table 2) showed that gravid D. tryoni had signiÞcantly shorter latency time, longer duration, and higher frequency of probing in coffee fruit containing C. capitata larvae than in lantana galls containing E. xanthochaeta larvae. tryoni. Over the entire census, the observed frequency of parasitoid visits to lantana plants containing galls was Ϸ50% higher compared with coffee plants when coffee fruit were absent in test cages (Fig. 1A) . When fruits (regardless of the presence or absence of C. capitata ßy larvae inside) were present on coffee plants, however, the frequency of parasitoid visits to coffee plants was 2Ð3 times compared with lantana plants; and the same pattern was true for observed frequencies of wasp visits to and probes in coffee fruit versus lantana galls (Fig. 1B) . These data support the results of experiment 1, and further indicate that the strong preference of D. tryoni for C. capitata habitats is caused by the presence of infested fruit (rather than presence of the ßy larvae inside per se).
There was no signiÞcant effect of the availability of fruit on frequencies of wasp visits to lantana patches (F ϭ 2.47, df ϭ 2 and 8, P ϭ 0.1460) and to galls (F ϭ 2.21, df ϭ 2 and 8, P ϭ 0.1721) (Fig. 1 A and B) . However, signiÞcantly higher frequencies of wasp probes in lantana galls were detected in the absence of coffee fruit (infested with or without late instar C. capitata) (Fig. 1C ) (F ϭ 6.49, df ϭ 2 and 8, P ϭ 0.0212).
Posttrial incubation and dissection of test samples (E. xanthochaeta galls and ßies) revealed that although a mean (ϮSE) of 32% (Ϯ5.8) of test lantana gall ßies were attacked by D. tryoni in the absence of the fruit, only 4% (Ϯ2.4) and 14% (Ϯ5.1) of gall ßy larvae were parasitized in the presence of rotten fruit with and without C. capitata, respectively. In the treatment where both C. capitata and coffee fruit were present, only 35Ð50% of C. capitata larvae were parasitized by test D. tryoni, indicating that the carrying capacity of the hosts for parasitoid oviposition did not reach a plateau during the 2-d exposure period. The proportion of E. xanthochaeta ßies attacked by D. tryoni was signiÞcantly reduced in the presence of coffee fruits (F ϭ 6.64, df ϭ 2 and 8, P ϭ 0.02). Thus, the presence of C. capitata or its fruit habitat reduces the probability of D. tryoni exploiting lantana gall ßies as alternative hosts.
Discussion
Naṏve D. tryoni showed a strong innate preference for infested coffee fruit (C. capitataÕs habitat) over lantana stem galls (E. xanthochaetaÕs habitat). Female parasitoids landed and probed more frequently in C. capitata-infested coffee berries than in E. xanthochaeta galls. However, stronger probing responses in coffee berries (shorter latency and longer duration) by D. tryoni did not result in higher rates of attack on fruitfeeding C. capitata larvae than on gall-forming E. xanthochaeta larvae. When measured by the number of host larvae attacked per unit of time spent probing, D. tryoni was signiÞcantly more efÞcient in attacking E. xanthochaeta larvae residing in lantana stem galls than in C. capitata larvae feeding inside coffee fruit.
A previous study (Vargas et al. 1995) showed that Ϸ20% of C. capitata larvae infesting coffee fruit on Kauai were parasitized, primarily by the egg-larval parasitoid, Biosteres arisanus (Sonan). In the study reported here, parasitism of the C. capitata larvae used in experiments 2 and 3 by other opiine parasitoids ranged from 8 to13% (data not shown). One might argue that even this low level of "preparasitism" of C. capitata by wild parasitoids (primarily B. arisanus) might have affected patterns of host-habitat and host Þnding and acceptance by D. tryoni in the experiments. Previous studies on the interactions between opiines indicated that prior-parasitization of a host had little impact on the subsequent Þnding and acceptance of that host by another female parasitoid of the same or different species, although it did affect subsequent survival of the offspring (eggs/larvae) of the other opiine parasitoid (Ramadan et al. 1994, Bautista and Harris 1997) . Recent studies with D. tryoni (Duan and Messing 2000) as well as other opiine larval parasitoids (e.g., Messing et al. 1997 ) also indicated that hosthabitat and host Þnding and acceptance behavior of these wasps are primarily mediated by visual and chemical cues derived from the hostÕs food substrates (e.g., infested fruit), not by the hosts themselfves (also see results of experiment 3). Thus, the low level of "preparasitization" of the C. capitata larvae by wild opiine parasitoids in this study is not likely to have affected patterns of host-habitat Þnding and acceptance of D. tryoni.
Diachasmimorpha tryoni originated in eastern Australia, where it coevolved with frugivorous tephritid hosts such as Bactrocera tryoni (Froggatt) (Wharton 1997) . Since it was Þrst introduced to Hawaii in 1913, D. tryoni has been capable of using C. capitata as a suitable host. To date, no galling insects have been recorded as hosts of D. tryoni in Australia, and E. xanthochaeta does not occur in Australia (Julien 1992) . Thus, it is not surprising that D. tryoni has a strong innate preference for C. capitata-infested coffee berries, which are similar to its ancestral host-habitats. In addition, D. tryoni used in this study have been reared in the laboratory using C. capitata as hosts for Ͼ100 generations, and thus might be genetically selected or "preconditioned" to have a higher preference for C. capitata or its habitats.
However, results from experiment 2 revealed that stronger innate preferences for probing C. capitatainfested coffee fruit by female D. tryoni did not result in higher efÞciency of exploitation of this host. In fact, D. tryoni attacked signiÞcantly fewer C. capitata larvae residing inside coffee berries (per 60-s probing) than E. xanthochaeta larvae residing inside lantana stem galls. Even though D. tryoni had a lower preference for landing on and probing in E. xanthochaeta galls, the parasitoid had a higher efÞciency in attacking gall ßy larvae upon accepting the galls as potential host habitats. This behavioral trade-off between higher habitat preference and lower rate of host attack can be explained in part by differences in chemical and physical traits of C. capitata-infested coffee berries and E. xanthochaeta galls (also see discussion in Duan and Messing 1999) .
Although C. capitata-infested coffee berries and E. xanthochaeta galls are about the same shape (spherical) and size (7Ð15 mm in diameter), these two types of host-habitats differ greatly in chemical composition, color, and physical structure. Fruit-feeding tephritid larvae (including C. capitata) cause bacteriarelated decay of infested fruit, which subsequently emits abundant chemical cues that are extremely attractive to opiine fruit ßy larval parasitoids, including D. tryoni (Greany et al. 1977 . In contrast, feeding by gall-forming tephritids (including E. xanthochaeta) does not cause decay of host plant substrates, but rather stimulates the growth of infested plant tissues. In addition, the color of C. capitatainfested coffee fruit is often brownish and sometimes mixed with red or yellow colors, and thus has conspicuous contrast to the vegetative parts (foliage and stems) of coffee plants; whereas, the color of E. xanthochaeta galls is greenish and therefore less conspicuous relative to the foliage and stems of lantana plants. These differences in olfactory and visual cues between fruit and gall habitats may help D. tryoni more easily Þnd or accept C. capitata-infested fruit than E. xanthochaeta galls.
However, the differences in physical structure of the gall and the coffee fruit may work contrary to this advantage. For example, a lantana stem gall has only a very small chamber (Ϸ2 mm in diameter) that hosts a single E. xanthochaeta larva, whereas an infested coffee fruit has more internal space (10 Ð12 mm in diameter) that often hosts more than one C. capitata larvae. Because of the small gall chamber, the resident ßy larva has little refuge to escape the attack of probing parasitoids; in contrast, C. capitata larvae have much more space to escape parasitoid attack. In addition, the presence of two stone-like seeds (with a narrow space between them) inside the coffee berry may provide additional refuge for C. capitata larvae. Thus, the physical structure of the lantana stem galls may lead to higher host-searching efÞciency by the parasitoids.
However, in contrast to C. capitata-infested fruit, lantana stem galls are harder to penetrate by the ovipositor of probing parasitoids because of the thickness and woody tissues in the walls of the gall chamber. A probing parasitoid may need longer probing time to penetrate the gall; thus, the cost of host location by the parasitoids may increase. However, the thickness of the wall of a lantana gall chamber varies considerably. In the area (Ϸ4 mm in diameter) where late instar larvae are ready to form emergence windows before pupating, the thickness of the wall of the gall chamber is greatly reduced. Thus, any difÞculties in penetration may be compensated by the parasitoids through selecting the easier-to-penetrate window areas of the gall chamber to probe in.
Currently, the abundance of D. tryoni associated with C. capitata in Hawaii is quite low (e.g., in Haramoto and Bess 1970 , Wong and Ramadan 1987 , Vargas et al. 1995 , possibly because of competition from other opiine parasitoids such as B. arisanus and the congener D. longicaudata (Ashmead), which was successfully introduced to Hawaii Ϸ45 yr later than D. tryoni. These other opiine species are currently much more abundant than D. tryoni on C. capitata Ramadan 1987, Vargas et al. 1995 Wong et al. (1991) and Duan et al. (1996 Duan et al. ( , 1998 showed that D. tryoni was the most abundant parasitoid attacking E. xanthochaeta, accounting for Ͼ85% of the parasitoids recovered. The higher efÞciency of host attack upon accepting (probing in) the gall habitat, plus other Þtness beneÞts (such as larger parasitoid progeny and female-biased sex ratios, as reported by Duan et al. 1998 ) all contribute to the current successful association of D. tryoni with E. xanthochaeta in Hawaii. Acquisition of both C. capitata and E. xanthochaeta as suitable hosts by D. tryoni occurred in Hawaii only Ϸ58 Ð 85 yr ago. It is not surprising that D. tryoni are capable of using C. capitata and its habitats in Hawaii because of its original co-evolution with other frugivorous tephritid hosts. However, it is a bit surprising to biological control practitioners that D. tryoni is also capable of using E. xanthochaeta as an alternative host in Hawaii. Both C. capitata and E. xanthochaeta are ubiquitous in Hawaii. Recent Þeld surveys (Duan et al. 1996 (Duan et al. , 1998 showed that the percentage parasitism of E. xanthochaeta by D. tryoni on the island of Kauai was signiÞcantly higher in highland forest habitats (20 Ð 28%) than in mid-and lowland agricultural habitats (Ͻ5%). However, whether the spatial variation in levels of Þeld parasitism of lantana gall ßies by D. tryoni is related to the spatial distribution of C. capitata has not yet been investigated. Nevertheless, results from experiment 3 suggest that the frequency of utilization of E. xanthochaeta as an alternative host is reduced signiÞcantly by the presence of C. capitata or its habitats. In the Þeld, host switching of D. tryoni between C. capitata and E. xanthochaeta is likely to be affected by the spatial and temporal distributions of these two potential hosts and their habitats. Accordingly, the potential nontarget impact of D. tryoni on populations of E. xanthochaeta is likely to be more severe when C. capitata and its habitats are not available (e.g., during winter and spring when fruit seasons are over) than when they are available (e.g., during fall and summer when fruit are abundant).
